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Effect of Light Irradiation on Plant Growth and Nutritional 
 
Content of Vegetables Intended for Closed Plant Factory 
 
 Katsuteru HIRANO̐ and Hidetoshi AOKI̐̐ 
 
$%675$&7
Solar irradiation affects photosynthesis and the composition of vegetative tissue.Here, the effects of 
UV-A irradiation on growth, and amino acid and vitamin content were investigated in %UDVVLFDUDSD. %
UDSD seeds were planted in soil in pots saturated with nutrient solution under four light irradiation 
regimes: natural light plus red light, blue light, visible light or UV-A light. Experiments were conducted 
in an air-conditioned room with constant irradiation. Growth rate and dry weight, and nitrate ion (NO3-) , 
amino acid, ascorbic acid and chlorophyll concentrations were measured in the dried leaves. In the 
present research, we examine the effects of UV-A irradiation and the timing of its application on plant 
growth and the quality of postharvest vegetables. The results show that the stress of UV-A irradiation 
slowed foliage growth and decreased rate of photosynthesis.  
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ࠅⰮ⊕⾰߇ᄌൻߒࠕࡒࡁ㉄㊂߇Ⴧടߔࠆ⃻
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࿑㧝ߦታ㛎ⵝ⟎ߩ᭎ⷐࠍ␜ߔޕᧄታ㛎ߢߪ㐽
㎮ဳᬀ‛Ꮏ႐ࠍᮨ౮ߒߚ▫ဳ(ᮮ 4 m㧘❑ 1.8 
m㧘㜞ߐ 1.8 m ) ߩਛߦ᳓⠹ᩱၭဳߩ᳓ᓴⅣߩ
ᣇᴺࠍ↪޿ߚᩱၭታ㛎ⵝ⟎ࠍ⵾૞ߒߚޕታ㛎᧚
ᢱߩ⒳ࠍᬀ߃ߟߌࠆߚ߼ߩၭ࿾ߦߪࡔ࠻ࡠࡒ
࠶ࠢࠬࠍ↪޿, 6ภߩࡐ࠶࠻ߦ࠙ࠜ࡯࠲࡯ࡐࠤ
࠶࠻߇಴᧪ࠆ⒟ᐲ߹ߢ⹣߼ߚޕߘࠇࠍ10ࠞ࠶ࡊ
↪ᗧߒ㧘1/3᳓ߦᶐ߆ߞߚᒻߣߒߚޕࡐ࠶࠻਄
ㇱߦߪⰯశἮࠍ4೉ᐔⴕߦ㈩⟎ߒ, ࡜ࡦࡊߣߩ
     

࿑㧝 ታ㛎ⵝ⟎᭎ⷐ࿑

ᾖ኿〒㔌ࠍ330mmߦߒߚޕㇱደࠍᏀฝߦ઀ಾࠅ㧘
⇣ߥࠆ᧦ઙߩታ㛎ࠍหᤨߦⴕߞߚޕ
శᾖ኿ߪੱᎿᄥ㓁శᾖ኿㧔ᵄ㐳390㨪700 nm
ㄭㄝ㧕㧘㕍⦡ᾖ኿
ࡇ࡯ࠢᵄ㐳660 nm ㄭㄝ㧘
⿒⦡ᾖ኿
ࡇ࡯ࠢᵄ㐳 450 nmㄭㄝ㧕㧘ᬀ ‛⢒ᚑ
ᾖ኿
ᵄ㐳 390 㨪710 nmㄭㄝ㧘UV-Aᾖ኿㧔ࡇ
࡯ࠢᵄ㐳450 nmㄭㄝ㧕ߩ 5⒳㘃ߩⰯశἮࠍ↪
޿ߡⴕߞߚޕ૶↪ᬌ૕ߪኙߐ╬ߦᒝ޿ߣ⸒ࠊࠇ㧘
᷷ᐲᄌേࠍᅢ߻ࠦࡑ࠷࠽ࠍណ↪ߒ㧘ዊဳࡈࠔࡦ
ߢㅍ㘑ࠍⴕ޿, ቶౝ᷷ᐲࠍᤤ㑆 25͠೨ᓟ㧘ᄛ㑆
ߪ 16͠೨ᓟߦ଻ߞߚޕ
ၭ࿾ߦߪ㧘ൻቇ⢈ᢱ
ኅᐸ↪㧞±0.040g㧘ਅ
࿯ో૕㊀ߐ 60±0.040g ߦวࠊߖ 12 ୘ߕߟ↪ᗧ
ߒߚޕ౰᳓ߪೋᦼ
0㨪10 ᣣߪᦺߣᤤߣ 16
ᤨߩ 3࿁㧘ਛᦼ
10㨪20ᣣߪᦺߣ 14ᤨߩ 2࿁ޕ
ᧃᦼ
20㨪30ᣣߪ㧘ᦺߩ㧝࿁ߘࠇߙࠇ 15ಽ㑆
ⴕߞߚޕታ㛎ߪਅ⸥ߩ 3⒳㘃ߩᾖ኿᧦ઙਅߢⴕ
ߞߚޕ
╙৻ታ㛎᧦ઙ
ੱᎿᄥ㓁శ2ᧄߦ㕍⦡㧘⿒⦡㧘ᬀ ‛⢒ᚑ㧘UV-A
ߘࠇߙࠇฦ2ᧄ㧘⸘4ᧄࠍ↪޿ߡᾖ኿ߒߚޕ㕍⦡
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

ᾖ኿శߩశᒝᐲ㧦శวᚑశሶ᧤㧔PPFD㧕ߪ⚂
68 ȝmol/(m2s㧘⿒⦡ᾖ኿ߪ⚂67 ȝmol/(m2s)㧘ᬀ
‛⢒ᚑᾖ኿ߪ71ȝmol/(m2s)㧘UV-Aᾖ኿ߪ20 
ȝmol/(m2s)ߩ᧦ઙߢ㧘24ᤨ㑆ㅪ⛯ὐἮߢߩᩱၭ
ࠍⴕߞߚޕ
╙ੑታ㛎᧦ઙ
ᾖ኿᧦ઙߪ╙৻ታ㛎ߣห᭽ߢ޽ࠆ߇㧘12ᤨ㑆
㑆ᰳὐἮਅߢߩᩱၭࠍⴕߞߚޕ৻࿁⋡ߪ㧘Ꮐㇱ
ደߦ㕍⦡ᾖ኿㧘ฝㇱደߦ⿒⦡ᾖ኿ߢᩱၭࠍ㐿ᆎ
ߒ㧘ਔ⠪ߩశวᚑశሶ᧤ࠍ71 ȝmol/(m2s) ߣ৻
ቯߦߒߚޕੑ࿁⋡ߪ㧘Ꮐㇱደߦᬀ‛⢒ᚑᾖ኿㧘
ฝㇱደߦUV-Aᾖ኿ߢᩱၭࠍ㐿ᆎߒ㧘ਔ⠪ߩశ
วᚑశሶ᧤ࠍ42 ȝmol/(m2s) ߣ৻ቯߦߒߚޕߘ
ߩ㓙ߩUV-Aᾖ኿㊂ߪ0.3 㨙W/cটߢ޽ࠆޕ
╙ਃታ㛎᧦ઙ
৻࿁⋡ߪ㧘Ꮐㇱደߦ㕍⦡ᾖ኿㧘ฝㇱደߦ⿒⦡
ᾖ኿ߢᩱၭࠍ㐿ᆎߒ㧘ਔ⠪ߩశวᚑశሶ᧤ࠍ⚂
69 ȝmol/(m2s)ߣ৻ቯߦߒߚޕੑ࿁⋡ߪ㧘Ꮐㇱ
ደߦᬀ‛⢒ᚑᾖ኿ࠍ㧘ฝㇱደߦੱᎿᄥ㓁శᾖ኿
ߦ UV-A ᾖ኿ࠍട߃ߚ႐วߩ᧦ઙߢᩱၭࠍ㐿
ᆎߒ㧘ਔ⠪ߩశวᚑశሶ᧤ࠍ 58ȝmol/( m2s)ߣ
৻ቯߦߒߚޕᾖ኿〒㔌ߪ⚂ 330 mmߢ޽ࠆޕ
ߘࠇߙࠇߢߩታ㛎ߢߪ, 17 ᣣ⋡ߩ෼ⓠߩ㓙㧘
ࠦࡑ࠷࠽⪲ㇱߩੇ‛㊀ߣ㕙Ⓧ෸߮ኒᐲࠍ᳞߼㧘
ߐࠄߦᚑ㐳Ბ㓏ߢߩᚑಽߩᄌേࠍ᷹ቯߔࠆߚ
߼ߦ㧘17㧘22㧘26㧘30 ᣣ⋡ߩࠦࡑ࠷࠽ߩ⪲ㇱ
ࠍណขߒ㧘⪲ㇱౝߦ฽߹ࠇߡ޿ࠆ⎣㉄ࠗࠝࡦ㧘
ࠕࠬࠦ࡞ࡆࡦ㉄㧘ࠢ ࡠࡠࡈࠖ࡞฽㊂ࠍ⸘᷹ߒߚޕ
ߐࠄߦ㜞ㅦᶧ૕ࠢࡠࡑ࠼ࠣ࡜ࡈߢ⪲ㇱߦ฽߹
ࠇߡ޿ࠆ 16 ⒳㘃ߩㆆ㔌ࠕࡒࡁ㉄ᚑಽࠍಽᨆߒ
ߚޕ 
 
2.3 ታ㛎⚿ᨐ෸߮⠨ኤ
(1㕍⦡ᾖ኿ߣ⿒⦡ᾖ኿㧔╙৻࡮ੑታ㛎㧕
⴫  ߦ╙৻ታ㛎ߦ߅ߌࠆฦᾖ኿᧦ઙਅߢ
ߩ⪲ߩ㕙Ⓧੇ‛㊀㊂߅ࠃ߮ኒᐲߩ୯ࠍ⴫
 ߦ╙ੑታ㛎ߦ߅ߌࠆฦᾖ኿᧦ઙਅߢߩ⪲
ߩ㕙Ⓧੇ‛㊀㊂㧘ኒᐲ߅ࠃ߮♧ᐲߩ୯ࠍ␜
ߔޕ
⴫  ⪲ߩ↢㐳ㅦᐲߩᄌൻ㧔╙৻ታ㛎㧕
 
㕙Ⓧ

m2
ੇ‛㊀㊂

g
ኒᐲ

g/m2
㕍 0.153  0.241  1.582  
⿒ 0.178  0.319  1.794  
ᬀ‛⢒ᚑ 0.228  0.369  1.622  
UV-A 0.173  0.106  0.614  

⴫  ⪲ߩ↢㐳ㅦᐲߩᄌൻ㧔╙ੑታ㛎㧕


࿑2ߦߪ╙৻ታ㛎ߦ߅ߌࠆฦᾖ኿᧦ઙਅߢߩ
ᩕ㙃ᚑಽߩ୯ࠍ㧘࿑3ߦߪ╙ੑታ㛎ߦ߅ߌࠆฦ
ᾖ኿᧦ઙਅߢߩᩕ㙃ᚑಽߩ୯ࠍߘࠇߙࠇ␜ߔޕ
ฦᩱၭታ㛎ߦ߅ߌࠆ㕍⦡ᾖ኿ߣ⿒⦡ᾖ኿ࠍᲧ
ߴࠆߣ㕍⦡ᾖ኿ߩ⊒⧘₸ߪઁߩᾖ኿ࠃࠅ߽৻
ᣣ߶ߤᣧߊ⪲ߩ↢㐳ଦㅴലᨐ߇޽ࠅᬀ‛ߩ
િ߮ࠆㅦᐲ߽ᄢ߈ߊ㧘⪲ߩᢙ߽ᄙ޿ޕߒ߆ߒ
12ᤨ㑆ᾖ኿ߢߪ㧘⿒⦡ᾖ኿ߪశวᚑ߇ⴕߥࠊࠇ
ߠࠄߊ㧘⎣㉄ࠗࠝࡦỚᐲ߇㜞޿ޕߒ߆ߒ㧘ో⥸
⊛ߦ⪲ߩ↢㐳ㅦᐲ㧘⎣㉄ࠗࠝࡦỚᐲ߅ࠃ߮ࠕࠬ
ࠦ࡞ࡆࡦ㉄Ớᐲߦ᣿⏕ߥ㆑޿ߪߺࠄࠇߥ߆ߞ
ߚޕ
(2) ᬀ‛⢒ᚑᾖ኿ߣ78#ᾖ኿㧔╙৻࡮╙ੑታ
  㛎㧕5㧕 
࿑4ߦฦᾖ኿᧦ઙਅߢߩ⎣㉄ࠗࠝࡦߣࠕࠬࠦ
࡞ࡆࡦ㉄㊂ߩᄌൻࠍ㧘࿑5ߦࠕࡒࡁ㉄฽㊂ᄌൻ
ࠍ␜ߔޕੑߟߩታ㛎ߦ߅޿ߡ,ᬀ‛⢒ᚑᾖ኿ߣ
⿒ᾖ኿ߩ႐ว߇ࠕࡒࡁ㉄฽㊂ߪᄙߊߥߞߡ޿
ࠆᬀޕ ‛⢒ᚑᾖ኿ߩ႐ว߇↢㐳ㅦᐲߪ৻⇟ᄢ߈
ߊ㧘ࠕࠬࠦ࡞ࡆࡦ㉄฽㊂߽㜞ߊ㧘⎣㉄ࠗࠝࡦỚ
ᐲ߽৻⇟ዊߐ޿ޕ߹ߚ㧘ࠢ ࡠࡠࡈࠖ࡞฽㊂߽㜞 
㩷  
㕙Ⓧ

m2
ੇ‛㊀㊂

g
ኒᐲ

g/m2
♧ᐲ
(%) 
㕍 0.311 0.141 0.454 1.325 
⿒ 0.518 0.216 0.418 3.075 
ᬀ‛⢒ᚑ 0.072 0.028 0.383 3.633 
UV-A 0.069 0.028 0.883 0.883 
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࿑  ฦᚑಽ⸘᷹㊂ߩᄌൻ㧔⎣㉄ࠗࠝࡦ࡮ࠕࠬࠦ࡞ࡆࡦ㉄㧕

ߊߡ✛⦡߇Ớߊ㧘⒳㘃ߩਛߢᦨᄢߩ⪲ߩ↢㐳߇
⷗ࠄࠇߚޕߘࠇߦኻߒߡ78#ᾖ኿ߩ႐วߪ㧘
⒳㘃ߩਛߢ↢㐳ㅦᐲߣ⪲ߩᄢ߈ߐ߇ᦨ߽ዊߐߊ㧘
శวᚑ߇⦟ߊⴕࠊࠇߡ޿ߥ޿ߚ߼⎣㉄ࠗࠝࡦỚ
ᐲߪᦨ߽㜞ߊߥࠅ㧘⪲ߩ⦡ߪỚ✛⦡ߢ޽ߞߚޕ



࿑ ᩕ㙃ᚑಽߦ෸߷ߔశᾖ኿ߩᓇ㗀㧔╙৻ታ㛎㧕

࿑ ᩕ㙃ᚑಽߦ෸߷ߔశᾖ኿ߩᓇ㗀㧔╙ੑታ㛎㧕
࿑  ࠕࡒࡁ㉄฽㊂ᄌൻߦ෸߷ߔశᾖ኿ߩᓇ㗀

ߎߩࠃ߁ߦ㧘޿ߕࠇߩὐἮ᧦ઙߢ߽ 78# ᾖ኿ߪ
⪲ߩ↢㐳ߦᛥ೙ലᨐߣߒߡ௛ߊߎߣ߇ࠊ߆ߞߚޕ

 (3) 㕍⦡ᾖ኿ߣ⿒⦡ᾖ኿㧔╙ਃታ㛎㧕㧕
㕍⦡ὐἮਅߣ⿒⦡ὐἮਅߢߩ⪲ㇱ⸘᷹୯ࠍ⴫ 3
ߦ␜ߔޕ㕍⦡ߪ↢㐳ߩિ߮߇ㅦ޿߽ߩߩ㧘⪲ߩ
⦡ߩỚߐߢߪ⭯ߊᗵߓࠄࠇ㧘⨍ㇱߩᚑ㐳߇ᄢ߈
޿ޕߘࠇߦᲧߴߡ⿒⦡ߩ↢㐳ߪㆃ޿߽ߩߩ⪲ߩ
⦡߇ᣂ㞲ߦ⷗߃㧘⪲ߩᄢ߈ߐ߽㕍⦡ߦᲧߴߡ⧯
ᐓߢ޽ࠆ߇ᄢ߈޿ޕ 
ߘߩ⚿ᨐ㧘㕍⦡ᾖ኿ߩ႐ว㧘↢㐳ࠍଦㅴߔࠆ 
ߚ߼ߦశวᚑࠍⴕࠊߥ޿ߩ߆㧘17ᣣ߆ࠄ 26ᣣ 

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ߦ⋡ᣣ 03㧘߈޿ߡ߃Ⴧ߇ࡦࠝࠗ㉄⎣ߡߌ߆ߦ
ࠦࠬࠕߡߒ଀Ყߦࠇߘޕߚࠇࠊᄬߦỗᕆߣࠆߥ
৻ޕࠆ޿ߡ߃Ⴧ୚2 ⚂ࠅࠃ⋡ᣣ62 ߇㉄ࡦࡆ࡞
ᚑวశࠄ߆ࠅㄝ⋡ᣣ 71㧘ว႐ߩ኿ᾖ⦡⿒㧘ᣇ
߆⋡ᣣ 71 ߇ࡦࠝࠗ㉄⎣ࠆࠇߐ⠻ᶖߦ㓙߁ⴕࠍ
ᣣ03 ࠄ߆⋡ᣣ22㧘ߒዋᷫߡߌ߆ߦ⋡ᣣ22 ࠄ
ߒ଀Ყߦࠇߘޕࠆ޿ߡߒ⠻ᶖߦ߆߿✭ߪ㑆ߩ⋡
 ޕࠆ޿ߡ߃Ⴧߢࠅ߇਄⢋ฝ߽㉄ࡦࡆ࡞ࠦࠬࠕߡ
 ࠖࡈࡠࡠࠢߚߒቯ᷹ߢ߹⋡ᣣ03 ࠄ߆⋡ᣣ71
 ࠍൻᄌ㊂฽㉄ࡁࡒࠕ㔌ㆆ ,ߦ6 ࿑ࠍൻᄌ㊂฽࡞
฽࡞ࠖࡈࡠࡠࠢ ,ว႐ߩ኿ᾖ⦡㕍ޕߔ␜ߦ7 ࿑
ടჇࠅ૛ߪᓟߩߘ ,߇ࠆ߃Ⴧߢ߹⋡ᣣ 22 ߪ㊂
୯ߩ⠪ਔ ,ว႐኿ᾖ⦡⿒ߡߒኻߦࠇߘޕ޿ߥߒ
 ޕࠆ޿ߡߒടჇߦ߆߿ࠆࠁߪ
㧘ว႐ߩ኿ᾖ⦡⿒㧘ߪߡ޿ߟߦ㊂✚㉄ࡁࡒࠕ㔌ㆆ
ࡒࠕߦࠢ࡯ࡇࠍ⋡ᣣ22 ߃Ⴧߦỗᕆࠄ߆⋡ᣣ71
 ୚57.0 ߩᤨࠢ࡯ࡇߪ⋡ᣣ03 ,ߒዋᷫ߇㊂㉄ࡁ
 
 ൻᄌߩᐲㅦ㐳↢ߩ⪲  ⴫


  㗀ᓇߩ኿ᾖశߔ߷෸ߦൻᄌ㊂฽࡞ࠖࡈࡠࡠࠢ  ࿑
 
 㗀ᓇߩ኿ᾖశߔ߷෸ߦൻᄌ㊂฽㉄ࡁࡒࠕ  ࿑

ࠆ߃Ⴧߢ߹⋡ᣣ62㧘ߪߢ኿ᾖ⦡㕍ޕߚߒዋᷫߦ
 ޕߚߓォߦዋᷫߦࠢ࡯ࡇࠍࠇߘ ,߇

㧕㧕㛎ታਃ╙㧔኿ᾖ #87 ߣ኿ᾖᚑ⢒‛ᬀ )4(
㧗శ㓁ᄥᎿੱ㧔ߣ኿ᾖᚑ⢒‛ᬀߚߒ␜ߦ 1 ⴫
㧘ࠄ߆ᨐ⚿᷹⸘ߩㇱ⪲㕙ᄖߩว႐ߩ኿ᾖ㧕A-VU
ߴᲧߦ኿ᾖߩઁ㧘ߪ኿ᾖ㧕A-VU㧗శ㓁ᄥᎿੱ㧔
ࡑࠦ㧘ߪࠇߎޕ޿ߐዊߥߺ߽ਂ߽ߐ߈ᄢߩ⪲ߡ
቞ࠍಽ⥄㧘ߣࠆࠇߐ኿ᾖ߇ A-VU ߦ਄㗡ߩ࠽࠷
޿ߥ߃ⴕߦಽల߇ᚑวశ㧘ࠅᒙ߇ജࠆߔߣ߁ࠈ
ޕࠆࠇࠄ߃⠨ߣࠆ߃Ⴧ߇ࡦࠝࠗ㉄⎣ࠄ߆ߣߎ
‛ᬀࠆ޿ߡߒㆡߦࠆߔᚑ⢒ࠍ‛ᬀߡߒኻߦࠇߘ
ߣߎࠆࠇࠊⴕߦቯ৻߇ᚑวశ㧘ߪߢࡊࡦ࡜ᚑ⢒
ࠦࠬࠕࠆߥߊᄙߦ߼ߚࠆ቞ࠍ૕ߣࡦࠝࠗ㉄⎣ߢ
ޕࠆ޿ߡࠇߚ଻ߊૐߢ߹⋡ᣣ71 ߇୯ߩ㉄ࡦࡆ࡞
ࠄߺ߇᣹਄ߩ㉄ࡦࡆ࡞ࠦࠬࠕ㒠એᣣ71ߒ߆ߒ
㉄⎣ߪߦ⋡ᣣ03㧘ߒ಴ࠅᷫ߇ࡦࠝࠗ㉄⎣ߣࠆࠇ
 754 ㉄ࡦࡆ࡞ࠦࠬࠕߡߒኻߦ L/gm 41 ߇ࡦࠝࠗ
ߒߣ߁ࠈ቞ ࠍಽ⥄߇‛ᬀ㧘ࠅߥߊ߈ᄢߣ L/gm
ᣣ03 ࠄ߆⋡ᣣ71 ,ߦᰴޕߚࠇࠄ⷗߇߈േࠆ޿ߡ
ᾖਔޕߔ␜ߦ 8 ࿑ࠍൻᄌ㊂฽㉄ࡁࡒࠕߩߢ߹⋡
 ,ߣࠆߔߦḰၮࠍ㊂✚㉄ࡁࡒࠕ㔌ㆆߩ⋡ᣣ71ߩ኿
Ꮏੱ ,୚ 9.3 ߪว႐ߩࡊࡦ࡜ᚑ⢒‛ᬀߢ⋡ᣣ 03
 ޕࠆ޿ߡߒടჇߦ୚8.2 ߪว႐ߩA-VU+శ㓁ᄥ
 
Ⓧ㕙
2m

㊂㊀‛ੇ
g

ᐲኒ
2m/g

  063.0  911.0  340.0 㕍
  435.0  811.0  360.0 ⿒
  094.0  151.0  470.0 ᚑ⢒‛ᬀ
  441.0  770.0  110.0 A-VU
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 
࿑  ࠕࡒࡁ㉄฽㊂ᄌൻߦ෸߷ߔశᾖ኿ߩᓇ㗀

ߎࠇߦኻߒߡ㕍⦡ᾖ኿߿⿒⦡ᾖ኿ߩ႐ว㧘
୚₸ߪ㕍⦡ 1.7 ୚㧘⿒⦡ 2.4 ୚ߣૐ߆ߞߚޕ
ߎࠇࠄߩ⚿ᨐ߆ࠄᬀ‛⢒ᚑ࡜ࡦࡊࠍኻᾖߦ
⠨߃ࠆߣ↢㐳ߦᄢ߈ߊᓇ㗀ࠍ෸߷ߒߡ޿
ࠆ⿒⦡㧘㕍⦡ᾖ኿ߩ႐วࠃࠅ߽ UV-A ᾖ኿
߇ࠕࡒࡁ㉄ࠍჇ߿ߔലᨐ߇ᄢ߈޿ߎߣ߇ࠊ
߆ߞߚޕ

2.4 ⚿⺰
㕍⦡ᾖ኿ߪ㧘↢⢒ߪᣧ޿߽ߩߩ㧘⪲ߩ⦡ว޿
߇ᖡߊ⨍ߥߤ߇ዋߒߩⴣ᠄ߢ᛬ࠇ߿ߔߊ⽺ᒙ
ߦߥࠅ߇ߜߢ޽ࠆޕߎࠇߦኻߒߡ⿒⦡ᾖ኿ߪ㧘
↢⢒߇ㆃ޿߇⊒⧘ㅦᐲߪ㕍ᾖ኿ࠃࠅ߽ᣧߊ㧘⪲
ߩ⦡ว޿߽⦟ߊ㘑ߥߤߩⴣ᠄ߦ߽ᒝ޿ޕ⿒⦡㧘
㕍⦡ਔ⠪ߩᵄ㐳ၞߩశࠍ᦭ߔࠆᬀ‛⢒ᚑ࡜ࡦ
ࡊߦࠃࠆᾖ኿ߪ㧘↢㐳ㅦᐲ߽⦡ว޿ߥߤၮḰ▸
࿐ߢ޽ࠆޕ
৻ᣇ㧘UV-Aᾖ኿ߪᬀ‛ߦࠬ࠻࡟ࠬࠍਈ߃ࠆ
ߚ߼㧘ᬀ ‛↢㐳ߦᛥ೙ലᨐߣߒߡ௛ߊޕߒ߆ߒ㧘
ࠕࡒࡁ㉄ᚑಽ㊂ߪ㕍⦡ᾖ኿㧘⿒⦡ᾖ኿෸߮ᬀ‛
ߩ⢒ᚑߦㆡߒߚᬀ‛⢒ᚑᾖ኿ࠃࠅ߽৻⇟ᄙ޿ޕ
ߎࠇࠄߩ⚿ᨐ߆ࠄ↢㐳ㆊ⒟ߢߩశᾖ኿᧦ઙ
ࠍᄌ߃ࠆߎߣߢᬀ‛ߩߐࠄߥࠆ↢㐳ㅦᐲߩჇ
ടߣᩕ㙃ᚑಽߩଦㅴ߇ᦼᓙߐࠇࠆ߽ߩߣ⠨߃
ෳ⠨ᢥ₂
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